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DESCRIPTION 



RECORDING APPARATUS AND RECORDING METHOD . 

5 . TECHNICAL FIELD 

The present invention relates to an Inkjet 
recording apparatus which ejects ink to form, an image 
and a method of. forming the image in the ink jet 
recording apparatus, particularly to the inkjet 
10. recording apparatus and the image forming method which 
can eject ink droplets having different sizes. 



BACKGROUND ART C/^ 
In the recording ap(>aratus for performing the . 

.15. recording to a recording medium such as paper or an..OHP 
sheet, there has been proposed the recording 
apparatuses on which various, types of recording heads 
are mounted, A wire-dot type, a thermal type^ a .' 
thermal transfer type, and an inkjet type can be cited 

20 as an example of the recording heads ^ Particularly,-. . . 
since the inkjet type of recording is performed by 
directly ejecting the ink to recbrding paper, its 
running cost is low and its recording operation is 
quiet. Accordingly, it has . attracted a great deal of . 

25 attention. 

In the inkjet recording apparatus, a multipj-icity 
of nozzles. (ejection ports or recording elements) for 
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ejecting the ink droplets are formed in the recording: 
head. The inside of the nozzles are filled with the 
ink for performing the recording to the. recording 
medium. When characters, images,, and the like are 
5 recorded, the recording is performed by selecting 
appropriately the corresponding nozzles to recording 
. data (image data) from the nozzles to eject the ink. 
The method of converting heat energy of a heater 
provided in the nozzles into ejection energy or the 

10 method of converting mechanical energy of an element 
generating vibration into the ejection energy can be 
cited as an example of the methods for ejecting the ink 

The Inkjet recording apparatus includes a serial 
scan type (carriage scan type) Inkjet recording 

15 apparatus and a multi- scan type Inkjet recording 

apparatus.- In the serial scan type Inkjet recording 
apparatus, the. carriage on which the recording head is . 
mounted performs the recording while reciprocated in a 
direction substantially perpendicular to the direction 

20 in which the nozzles are arrayed in. the recording head* 
In the multi-scan type recording apparatus^ the 
. recording is performed by using the recording .head 
having a width substantially, equal to the width of the 
recording medixam- The serial scan type Inkjet 

25 recording apparatus has a configuration in which, after 
• the multiplicity of riozzles included in the recording 
head are driven based on .recording information by the 
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carriage scan to perform the recording of one scan 
recording area, the recording medium is relatively 
conveyed by a predetermined mount in the direction 
substantially perpendicular to the carriage 
reciprocating direction. . The given ima^e is forined by 
alternately performing the recording scan and the. 
conveyance of the recording medium. \ In the multi-scan 
type recording apparatus,, the image is formed by 
performing the recording while the recording medium is 
conveyed in the direction substantially perpendicular . 
to a nozzle array disposed in the recording head. 

Recently, as the Inkjet recording apparatus 
becomes widespread, the high quality of the output 
image is required. In order to improve the image 
.quality/ it is effective to decrease, graininess • 
Therefore, there has been proposed the technology which 
decreases the ink droplet ejected from the recording 
head to finely dispose the ink oh the recording meditamv 

In order to finely dispose the ink on the 
recording medium, it is contemplated that k drive 
frequency of the recording head is' increased to. shorten 
an interval of the ink ejection, or it is thought of 
that the nozzles are arrayed in high density in the 
recording head. However, when the drive frequency of 
the recording head is excessively increased, after the. 
ink droplet is ejected from the recording head, the 
next ink droplet cannot be ejected because the ink 
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supply does not catch up with. Therefore, when it is 
desirable that the ink is disposed on the recording 
mediviin in a finer manner than the drive frequency 
. determined by the configuration of the • recording head, 
5 it is realized by the technology that the recording 

. scan is performed at the e jectable drive frequency 
. . determineid by the configuration of the recording he.ad- 
and the plural-time recording scans o'f the recording 
head are performed to the same recording area. In this 
10 case, it is necessary that the previous . recording scan 
differs from the. subsecjuent recording scan in ejection 
timing of the ink droplet from the recording head so 
that impact positions of the ink droplets are different 
from each other. .However, while the ink can be finely 
15 disposed on the recording medium by performing the . 

plural- time recording scans to the same recording area> 
. throughput is decreased. 

In order to solve the. problem, there is the 
method in which the recording head which can eject both 
20 the ink droplet having a relatively, larger volume and 
the ink droplet having a relatively smaller volum^ is 
used,, the. larger ink droplets are coarsely disposed on 
' the . recording medium in the case where the high-speed 
•recording is required rather than the image quality, 
25 such as a case in text data, and the smaller ink 

. droplets are finely disposed on the recording medium^in 
the case where the image quality is required rather . 
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than the recording speed, such as a case in image data. 
.(e,g, a photograph),- and thereby both the high-speed 
recording and the high-quality image become mutually 
compatible (for example, Japanese Patent Application 

.5 Laid-open No. .2002-086760). The method of changing the 
energy given to the ink during the ejection by 
• controlling current or voltage .applied to a heater or a 
piezoelectric element, or the method of arranging the 
nozzles for ejecting the relatively larger ink droplet 

10 and the nozzles for ejecting the relatively smaller ink 
droplet in the recording, head can be cited as an 
example of the method of ejecting the ink droplets 
having the different sizes from the recording head. 
(First Problem) 

15 However/ when the amount of shift of the impact 

position of the larger ink droplet, is equal to that of 
the impact position of the smaller ink droplet on the . 
\ recording medium, degradation of the image quality 
becomes conspicuous in. the recording in which the 
20 smaller ink. droplets are disposed in high density on 
the recording medium when compared with the recording 
'in which the larger ink droplets are disposed in low 
•density.. 

When the recording meditim is conveyed- while 
25 supported by both a conveying roller and a paper 

discharge roller^ the recording, medium can be conveyed. 
' / with, high accuracy.. . However,, conveyance accuracy is 
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. . decreased when the recording medium is conveyed while 
supported by only one of the conveying roller and the 
paper discharge roller^ that is, iiranediately after 
paper feed of the recording mediiami or immediately 
5 before paper discharge. Specifically, a front end area 
in advance of arrival of a front end of the recording 
medium at the paper discharge roller and a rear end 
area subsequent to separation of a rear end of the 
recording medium from the conveying roller are the area 
10. where the conveyance accuracy. is decreased. Therefore/ 
the impact positions of the ejected ink droplets are 
shifted in. each of the front end area and the rear-end 
. area of the record.ing mediuun,. which results in the 
degradation of the image quality. 
.15 - Accordingly, in the front end and rear end areas 

.of the recording medium where the conveyance accuracy 
is decreased, when the pxinting is. performed while the 
smaller ink droplets are disposed in high density, 
there is the problem that the. image quality failure 
20 such as unevehness is particularly ^asy to occur. 
' (Second Problem) 
.In the image. of the Inkjet recording apparatus, . 
' * as the resolution and ;quality are improved, a. range of 
applicatiqn is increased and various modes of * forming • 
25 the imiage on the recording medliom are demanded. For 
example, when the. image taken by a digital camera or ' 
the like is output with the Inkjet recording apparatus. 
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the output result similar to. the photograph output to a 
photographic paper,- i.e. the so-called frameless . 
recording. is performed by. recording the image on the 
whole surface of the recording medium without providing 
5 . a margin, in. a peripheral portion of * the riecording • • 
• medium. The frameless riecording is . realized by 
.. ejecting the ink droplets in the range wider than the 
recording medium. The inside of the recording 
apparatus is prevented from becoming soiled by 
10 providing a member for absorbing the ink (ink absorber) , 
at the position in the area outside the recording 
. medium, where the ink is ejected. 

Sometimes the ink droplet does not reach the 
surface of the recording meditun or the surface of the 
15.. ink absorber but become mist to diffuse inside the 
recording apparatus by evaporating the ejected ink 
droplet before the ink droplet reaches the recording . 
medium or the ink absorber. Because the distance from 
the nozzle surface of the recording head to the surfa.ce 
20 of the ink absorber is longer than the distance from 

•the nozzle surface of the recording head to the surface 
of the . Recording medium, the mist , is easy to generate 
when the ink droplet is ejected in the area outside the 
recording medium. Further, because heat capacity is 
.25 smaller in the ink droplet having the smaller volume^ 
. the ink droplet having the smaller volume is easy to 
' evaporate when compared with the ink droplet having the 
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larger volume^ and the generation of the mist is 
increased when the recording is performed With the ink 
droplet having the smaller volume. 

Therefore^ when the recording is performed with 
.5 the ink droplet having the smaller volume in the area 
outside the recording medium, the mist is easiest to 
generate. When the mist diffuses inside the recording 
apparatus, the recording medium becomes soiled by the 
mist adhering to the conveying roller or the. operation 
10 of the carriage is obstructed by the mist adhering to a 
guide shaft. Further, when an optical encoder is used 
in order to control the moving speed and the position 
of the carriage and the recording medium, because the 
ink mist cut off light, the normal control can not be 
15 " performed. Therefore ; sometimes various problems are 
generatjBd in the recording apparatus such that the 
...speed control or stop position control becomes abnormal 

.DISCLOSURE OF THE INVENTION 
20 . In view, of the foregoing, it is an object of the 
/invention to improve the decrease in image quality ;when 
the recording* is performed to the predetermined, 
recording area in "the Inkjet recording apparatus which 
can eject the ink droplets having the different sizes. 
25. "Another object of the invention 'is to decrease . 

the generation of the mist when the recording is 
performed to the predetermined - recording area . . 
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. A recording apparatus of the invention for 
recording an image on a recording medium by using ,a 
recording head which can form dots with a plurality of 
. dot diameters, the. recording apparatus comprising 
5 deciding means for deciding an area where the recording 
: he^d ejects the ink in a recording area including the 
recording medium and recording controlling means for 
making change so as to decrease ejection frequency of 
the dot formed by the. relatively smaller dot diameter 
10= in the plurality of dot diameters when the deciding 

means decides that the recording head. ejects the ink in 

the area near an end portion of the recording medium. 

' * ■ • . ■ ' , ■ :f 

A recording apparatus of the invention for 

per fofming recording to a recording medium based on* 

15 image data by using a recording head. which can eject 

ink droplets having different volumes, the recording 

apparatus comprising deciding means for deciding an 

* - area where the recording is performed in a recording 

area by. the recording head, setting^ means for setting 

20 each of ratios of recordings by the. .ink dfdplets having. 

the different volumes in . accordance with decision. 

result of the deciding, means, . and recording means for 

performing the recordings by the ink droplets having 

the' different volumes with the ratios set by the 

25 setting means. 

A recording method of the invention in a 

recording apparatus for recording an image pn a 
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recording, medium, by using a recbrding head which can., 
form dots with a plurality of dot diameters^ the 
recording method comprising a decision step of deciding 
an area wherei . the recording head ejects the ink in a 
5 .recording area including the recording medium/ a change 
. step of making change so. as to decrease ejection 

frequency of the dot formed by the relatively smaller * 
dot diameter in the plurality of dot diameters^ whenr 
in the decision step, it is decided that the recording 
10 head ejects the ink in the area near an end portion of 
the recording medium, and a recordihig step of forming 
the dot at the ejection frequency changed by the change 
step. 

- A recording method of the invention in a 
15 ' recording apparatus for performing recording to a . 
• . recording medium based on image data by using a 

recording head which can eject ink droplets having ' 
different volumes, the recording method . comprising a 
decision step of deciding an area where the recording 
20 is performed in a recording area by the recording ' head, 
• a setting step^ of setting each of ratios of recordings 
by the ink droplets having the different volumes in 
accordance with decision result in the decision step, 
and a recording step of performing the recordings by 
25 the ink droplets having the different, volumes with the 
. ' . ratios set by. the' setting step - 

According to the invention, in the Inkjet 
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recording apparatus which can eject the ink droplets 
having the different sizes, since the recording is 
properly performed with the ink droplet having the 
predetermined size in accordance with the recording 
area* including the recording medium/ the quality of the 
recording image can be improved. Further, the 
generation of the mist can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS * 

Fig. 1 is a schematic, diagram showing an example, 
of a recording method in a first embodiment; 

Fig. 2 is a schematic ,diag:r am showing a ' 
configuration of an Inkjet reco irding' apparatus ; 

Figs. 3A, 3B, and 3C are schematic views of an 
ink dot array of larger dots, smaller dots, and a mixed 
' pattern; respectively; 

Fig. 4 is. a block diagram showing a recording 
control unit of the Inkjet recording apparatus; 

Fig. 5 shows ratios recorded by a larger ink • 
droplet and a smaller ink droplet in^each area in the 
first embodiment; . 

Fig. is is a schematic diagram showing the 
configuration of the ink jet recording apparatus in ^ 
-second embodiment of the invention; 

Fig. 7 shows a recording medium and a recording 
area in frameless recording; r ' . 

Fi.g. 8> is a schematic diagram showing an example ; 



-12- 



CFO18190WOUS 



of the recording methoci in the second embodiment; 

Fig. 9 shows ratios . recorded by the larger ink 
droplet and the smaller ink droplet in . each area in. the 
second embodiment; 
5 . ' Fig* 10 shows another example. of the ratios 

recorded by the larger ink droplet and the smaller ink 
droplet in ieach area in the second embodiment; 
• • Fig, 11 shows another example of the ratios 

recorded by the larger ink. droplet and the smaller ink 
10 droplet in each area in the second embodiment; 

Fig. 12 is a schematic diagram showing ah example 
of the recording method in a third embodiment; and 

Fig- 13 shows ratios recorded by the laxger ink 
droplet and the smaller ink droplet in eacth area in the 
15 third embodiment . ■ . 

. BEST MODE FOR CARRYING OUT THE INVENTION 
(First Embodiment). 

Referring to the accompanying drawings, preferred 
20 embodiments o^- the invention will be specifically 
described. 

Fig. 2 is a schematic diagram showing a 
configuration of the. Inkjet recording apparatus to . 
which the invention can be applied * . 
25 A carriage 1 is supported by a guide shaft 2 and 

a. guide rail. 4 so that the carriage can be reciprocated 
while opposed to a .conveying roller . 5 and a platen 6 
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which are held by a chassis 3- A recording head 7 is 
mounted on the carriage 1 to be reciprocated along the. 
guide shaft 2 by utilizing drive force of a carrier 
motor 8 which is transmitted through a. belt 9. The 
5' recording medium 13 is fed to a nip formed between the 
conveying roller 5 and an auxiliary roller 11 by a 
paper fisied unit 10, and the recording mediiam is 
conveyed to a predetermined. printing position by the 
conveying roller 5. When a front end of thei recording 
10 medium reaches a paper discharge roller 12, the. 

recording medium is conveyed by the. conveying roller 5, 
the ..auxiliary roller 11, and the paper discharge roller 
12 while stably held. 

When a predetermined area of the recording medium 
15 . is conveyed to the position opposite to the recording 
. head 7, the ink is ejected toward the recording medium 
by driving . the recording head 7 in accordance with 
recording data transmitted to the inside of the printer 
. -while the carriage 1 is moved along the guide shaft -2, 
20 . and thereby the image is formed in accordance with the 
. recording data. When one recotding scan of the 

recording head is finished, the conveying roller 5 is 
rotated by the predeteimined amount to convey the 
. recoxdingL medium so that the area of the recording 
.25 medium, where the next recording should be performed is 
moved to the position opposite to the recording head 7-. 
After the conveying operation of the recording medium. 
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is f inished, . the carriage 1 performs the recording of 
the next line by performing the recording scan again. 
When the predetermined amount of recording data is . 
completely recorded by repeating a series of operations, 
5 the recording medium is discharged to the outside of 
the recording apparatus by the paper discharge roller 
12 to coiaplete the recording. 

Figs. 3A to 3C show the ink droplets ejected frqm 
.the recording head. in. the embodiment, 
10 Fig. 3A shows the case in which. the larger ink 

droplets are* ejected. The ink droplets are arrayed 
. with a pitch of 1/600 ipch (42. \m) so. that a dot 

diameter becomes 30 pm on the recording medium. Fig. 
. SB shows the case in whj.ch the smaller ink droplets are 
is .ejected. The, ink droplets are arrayed with a pitch of 
1/1200 inch- (21 Jim) so that the dot diameter becomes 15 
\m on the recording medium. In comparison between Fig. 
3A and Fig. 3B, because Fig. 3B is smaller than Fig. 3A 
in the dot diameter, graininess of Fig.. 3B is 
20. inconspicuous and high-quality recording result is . 
. obtciined. 

Fig.. 3C shows the case in which the ink droplets 
haying the different diameters are ejected. By forming 
. the, smaller dots in the larger dots, the recording can 
25 be performed with intermediate quality between Fig. 3A 
formed only by the larger ink droplet and Fig. 3B 
.. formed only by the smaller ink droplet- in Fig, .3C> 
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- not only the image quality can be improved when 
^ compared with the image fprmed only by the larger dots ^ 
but also the recording speed can be increased when 
compared with the image formed only by the smaller dots 
5. so. that the decrease in throughput can be suppressed- 
As an example of the recording head to which the 
embodiment can be appliedy the recording head in which 
a plurality of nozzles (recording element^ ejecting 
port) being capable of independently ejecting the ink 
10 droplet by utilizing heat or vibration is arrayed can 
be cited. It. is also possible to provide a plurality 
• of nozzle arrays in which. the nozzles are arrayed for 
each color of the ink. It is also possible to use the 
recording head in which one nozzle can eject the ink 
15 droplets having the different sizes. It is also 

possible to use the recording head in which at least 
. two types of nozzles are disposed so that one of types 
of nozzles can eject the ink droplet having the 
predetermined, size and. the other type of nozzles cari * . 
20 eject the. ink droplet having the size different from, 
the predeteinaained size. - 

Fig. 4 is a block diagram showing a recording 
control unit of the ink jet recording apparatus to which 
the embodiment can be applied. 
-25 . . The reference numeral 101 represents an. interface 

control unit (controller) . The interface control unit 
1.01 receives the data transmitted from a host computer 
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(not shown) through an interface signal line SI and 
extracts the data necessary for the operation of the 
recording . apparatus and the image data from the 
.'received data, to tentatively contain the data[. The 
. 5 data extracted by the interface controller 101 is 

stored in a reception buffer 102 including a storage 
memory such as SEU\M or DRAM. The data stored, in the 
reception buffer 102 includes ^^command" which is of a 
set value for controlling the recording medium and 
10 ^^image data" which, should be recorded. The ^^command'' 
is read out by CPU 103 to perfotm analysis. In the ' 

image data,'' the compressed image data is decompressed 
by a data developing block 104 and written in a 
recordinig . buf f er 105. It is al^o possible that the 
is recording buffer 105 includes tlie storage memory such 
. as SRAM or DRAM and the recording buffer 105 is 
^physically equal to the reqeptioh buffer 102. A ring, 
structure control circuit 106 manages data write . 
address and data read address to the reception buffer 
20 102. In the recording buffer 105, the decompressed 
image data is divided and disposed for each color of 
the . recording heads and for each ink diameter. 

When the recording buffer 105 is filled with the 
image data which can be recorded by one scan of the 
25 ^ recording head, CPU 103 operates the carriage motor 8 
of Fig. 2 to scan the recording head 7 in order to 
start the recording operation, a recording data 
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generation block 107 synchronizes output from a 
carriage encoder (CR encoder) 108 and reads out the 
image data from the recording buffer 105 to transmit 
. the image data to the recording head i , and the 
5 recording head 7 ejects the ink droplet based on the ' 
transmitted image data. This enables the image to be 
formed, on the recording mediiam. The image is completed 
* on the recording, medium by repeating the recording scan 
in a main scanning direction with the recording head 
10 . and. the conveyance of the recording medium in a sub-- 
scanning direction with the conveying means. 

Fig. 1 is a schematic, diagram, showing an exan¥>le 
of the recordinef method in the first embodiment. 

The recording area including a recording medium. 
15 13 is divided into the areas as shown in Fig. 1. The 
reference numeral 203 represents an. area outside 
recording medium (areas outside- paper) . Particularly/ 
the . downstream side in tlie conveying direction is 
referred to as an outside-paper-front-end area because 
20 the downstream side Xs located close to the front end 

portion of* the recording medium, and the upstream side 
' • in the conveying direction is referred to as an 

* outside-paper-rear-end area because the upstream side 
is located close to the rear end portion of the 
25 recordings iaedium. The reference numeral. 202 represents 
a recording area of an end portion in the conveying 
direction of the recording medium, and the reference 
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numeral 202 also represents the area which is not 
supported by both the conveying roller and the paper 
discharge! roller in conveying the recording irfedium. 
The front end' portion ..of the recording medium, is 
5. referred to as a front-end. recording area 202 and the 
rear end portion of the recording medium is referred to 
as a rear-end recording area 202 . The reference 
numeral 204 represents an area where the conveyance 
. only with the conveying roller is transferred to the 
•10 conveyance with botti the conveying roller and the paper 
discharge roller at the front end portion of the 
recording medium, and the reference numeral 204 also 
represents the area where the conveyance both the 
conveying roller and the paper. <iischarge roller is 
15 transferred to the conveyance only with the conveying 
roller at the rear end portion of the recording medium. 
The area 204 located on the front end side of the 
recording medium is the area which is spread from a 
paper discharge roller entry position where the . 
20 recording medium conveyed only with the .conveying 

, roller is started to be supported by. both the. conveying 
.. . roller and the paper discharge roller to the position 
where the recording medium is conveyed by a 
predetermined distance. The area 204 located on the 
25 rear end side of the recording medium is the area which 
is spread from the position where ^he recording medium 
is supported by both the conveying roller and the paper 
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. discharge roller to a conveying roller separation 
position where* the rear end piortion of the recording 
medium is separated from the conveying roller when the 
recording mediiun is Conveyed by a predetermined 
. 5 distance. Further, the reference nimieral 205 is a . 
normal recording area between the areas 204. 

The method of* performing the- recording to the 
.recording medium shown in Fig. 1 in performing the 
high-quality recording will be described. 
10 While the recording medium is conveyed with the 

. . conveying roller, the recording head is controlled so 
as not to perform the recording in the putside*-paper- 
front-end area 203 where the recording is performed 
outside the' recording medixim when the recording 
15/ operation is performed by the recording, head. 

• Specifically the control is performed so that the ink 
droplet is not ejected from the recording head. 
Therefore, the recording is not performed in the area 

' outside the recording medium, which allows, the inside 
20 of the recording apparatus to be prevented from 

• becoming soiled by the ink. 

In the -f ront-end recording area 202 where the 

• front end portion of the recording medium conveyed with 

• the conveying roller reaches the recording area of the; 
25 recording head, the recording is controlled so as to 

*. use only the larger , ink droplet in which the decrease 
in image quality caused by shift of an impact, position 
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is inconspicuous because conveyance accuracy of the 
recording medium is low. Specif ically> using the ink 
droplet having the size so that the dot diameter 
becomes 30, pm on the recording medium/ the recording is. 
5 performed based on the. image data with the image 

quality in which, the dots are arrayed with the 1/600 
{42 pm) pitch. 

In the aifea 204 in which the front end of the 
recording mediiim reaches . the paper discharge roller and 
10 the recording medium is conveyed with both the 

conveying roller and the paper discharge roller by the 
predetermined distance, because the * conveyance accuracy 
of the recording medium is improved when cdmpared with 
. the front -end recording area 20*2 , the recording is 
15 performed while the larger ink droplet having the dot 
diameter of 30 |im and the smaller ink droplet having 
the ..dot diameter of 15 pm are mixed together. In Fig. 
1, the. recording is performed so that the ink droplets . 
having the different sizes are arrayed in the different 
20 positions with each 1/600 (42 pm) pitch. 

In a normal recording area 205 where the 
recording medium is stably conveyed with the conv^ying 
roller and the paper discharge roller , the recording is 
performed only by using the smaller ink droplet so that 
25 the image data Is recorded with high quality. 

Specifically, using. the ink droplet .having the size so 
that the . dot. diameter becomes 15 pm on the recording 
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medium/ the recording is performed based on the image 
data with the image quality in which the dots are 
arrayed with the 1/1200 (21 |im) pitch. Therefore, in. 
the normal recording area .205, the grairiiness is 
.5 inconspicuous and the high-quality recording result is 
obtained by performing the recording with the smaller 
ink droplet. , In the area 204. between the front -end 
recording area 202 where the recording is perfbrmied', 
only with the larger ink droplet and the normal 
10 recording area 205 where the recording is performed 

dnly with the smaller ink droplet, the transition from 
the front-end recording area 202 to the normal 
recording area 205 can be performed while the 
diffeirence in image quality becomes inconspicuous by 
.15 providing the area in which the recording is performe4 
by mixing the larger ink droplet and the smaller ink 
droplet. 

In the area. 204 which is spread from the position 
where the . recording* medium is stably conveyed to the 

20 position where the recording medium is separated from 
.... the conveying roller, . simiilarly to the area 204 
including the paper discharge entry position, the 
recording is performed with the larger ink droplet and 
the smaller ink droplet* In the rear-end recording 

•25 area 202 whe.re the rear end portion of the recording, 
medium convieyed by the paper discharge roller is 

. . located within the recording , area of the recording .head 
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similarly to the front-end recording area 202, the 
recording is performed only with the larger ink droplet 
In the outside-paper-rearrend area. 203 where the rear 
end portion of the recording medium is conveyed by the 
5/ paper discharge roller beyond the recording area of the 
recording head, similarly to the outside-paper-^f rpnt- 
end area 203, the recording head is controlled so as 
not to perform the recording. 

As described above, the recording is performed 

10 . with the relatively smaller ink. droplet in order to 

' perform high-quality recording with the graininess 

inconspicuous in the nonkal recording area 205 which 
occupies a dominant portion of the recording area on. 
the recording medium, .and the recording is performed 

15 with the relatively large ink droplet so that . 

unevenness caused by fluctuations of the. dot array by 
the shift of the impact position becomes inconspicuous 
.although -the graininess is slightly inferior in the 
front /rear-end recording area 202 of the recording 
'20 'medium where the conveyance accuracy is relatively 

worsened- Therefore, the high-quality recording result 
can be obtained in the whole image recorded in the 
recording medium. . 

^The step of generating the recording data for 

25 ejecting the ink droplets having the different sizes 
. from the image data transmitted from the host computer 
to thW reco^rding apparatus will be described below. . 
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The image data transmitted from the host computer 
to. the recording apparatus is stored in the recording 
buffer. At this point, the image data transmitted from 
the host, computer has a possibility that the image data 
5 has the area larger than the recording area on the 

recording medium, and the image -daita in' the recording 
* buffer is divided into four areas 202, 203, 204 and 205 
shown in Fig. 4, Then, it is decided whether a 
recording data correction ci^rcuit 109 corrects the 
10 , image data divided into each of areas in the recording 
buffer to eje^ct.the larger ink droplet or the smaller 
ink droplet* 

When thb image quality has the higher priority. to 
perform the high-quality recording, i.e. when the data 

15 is generated in the recording buffer so that the . . 
recording is performed only with the smaller ink 
, • droplet based on the image data transmitted from the 
host computer, the correction is performed by the 
recording data correction circuit 109 in the outside- 

20 paper-front /rear-end axrea 203, the front/rear-end . 
recording area 202 and the area 204, while the 
correction is not performed by the recording data 
c9rrection circuit 109 so that the recording area is. 
performed only with the smaller ink droplfet in the. . 

25 normal recording area 205, ' \ 

Fig. 5 shows ratios recorded by . the larger ink • . 
droplet and the smaller ink droplet., in the. range f rom . 
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the normal recording area to the outside-paper- 
front/rear-end area 203. A. solid line (Gl) indicates 
. the ratio recorded by the smaller ink droplet and a ' 
broken line. (G2) indica^tes the ratio recorded by the 
5 larger ink droplet.. 

At the beginning of the area 204 which is of a 
boundary portion between the * normal • recording area 205 
and the area 204^ the recording is performed with the 
smaller ink droplet based on the recording data in the 
. 10 . recording data, and the recording is; not performed with 
the larger ink droplet. As the recording area 
approaches to the front /rear-end. recording area 202 
. from the area 204, the ratio of the recording by the 
smaller ink droplet is decreasing arid the ratip of the 
.15 recording by the larger ink droplet is . increasing . . As 

shown in Fig. 5, the ratio between the recording by the 
. , . lairger ink droplet , and the recording by the smaller ink 
droplet is phanged in accordance with the' position 
within the area 204. That is, in the embodiment, an 
.20 appearance .probability of the smaller ink droplet -is - 
linearly changed so as to be set-to 100% (recording 
data is directly ejected) at the beginning of the.area 

• . * 

204 and to be 3et toO% (recording data is not. ejected) 
at the end of the area .204 (near the end portion of the 
- 2.5 paper) which is of the boundary portion between the 
area 204 and the front /rear-end recording area 202. 
Further, the appearance probability of the larger- ink 
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droplet is linearly changed so as to be set to 0% at 
the beginning of the area 204 and to be set to 50% a^t 
the end of the area 204. 

The reason why the appearance probability of the 
5. la.rger ink droplet is set to 50% at? the end of the area 
204 ill performing the correction to the recording data 
. for ejecting the larger ink droplet is that a volume of 
one larger ink droplet is set to 4 pi, the volume of 
one smaller ink droplet is set to 2 pi, and the 100% 
3.0 recording only by the smaller ink droplet is equal to^. 
. the 50%. recording only by the larger ink droplet in 
density. 

The correction is performed by the recording data 
correction- circuit 109 so that the. recording is always 
15 performed only by the larger ink droplet in the' 

front /rear-end recording area 202, Specifically, the 
. appearance probability of the smaller , ink droplet is 
set to 0% and the appearance probability of the larger 
•ink droplet is set to 50%.. In the outside-papeir- 
'20 front/rear-end area. 203, the correction is performed so 
^ that whether, the recording by the larger ink droplet or 
' .the recording by the^ smaller ink droplet is not 

perfoxrmed at any time. Specif ically, . the appearance 
probability of each of the larger and smaller ink. 
25 . droplets is set to 0% so that each of the larger and 
. smaller ink droplets is not ejected. 

According to. the embodiment,- the . high-quality 
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image can be output in the ink jet recording apparatus . 
which can eject the ink droplets having the different 
sizesr because the size of the ink droplet is selected . 
in the recording in response to the recording image 
5 quality depending oh the configuration of the recording 
apparatus such that the conveyance accuracy is 
. decreased.. Therefore^ the. decrease in image quality . 
cauised by the shift in the impact position can be 
suppressed to the niihimum when the high-quality image 
10 is output. 

Since the recording of the high-quality image has 
the higher priority in the embodiments the recording is 
performed by using only .the smaller ink droplet in the 
. . normal recording area 205. However/ At is possible 
- : 15 : - that the recording is performed by using the plurality 
of ink droplets having the different sizes in the 
normal . recording area 205. This allows the recording 
apparatus having both the high-quality image and the 
high-speed recording to be provided. In this case/ the 
•20 ratio of the recording by the larger ink droplet is 

increased in the range from the normal recording area 
205 to the area 204 or the front/reair-end recording 
area 202\! 

In the embodiment, the ratio between the 
25 recording by the larger ink droplet and the smaller ink 
• droplet is linearly changed in the area 204. Hpwever, 
it is also possible that, the ratio i5 changed in a step 
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manner • In this case^ the correction by the recording 
data correction circuit can be simplified. 

Although the area 204 for the. transition is 
. provided . between the normal recording area 205 and the 
5 . front/rear-end recording area 202 so that the . 
difference in image quality becomes inconspicuous in 
the embodiment^ it is possible that the area .204 is not 
provided, when the difference in image quality is not so 
conspicuous, or when the recording speed slightly has 
10 the higher priority- 

Although the embodiment has the configuratiori in 
which the two types of sizes of the larger ink droplet, 
and the smaller ink droplet are ejected, the invention 
. can be also applied to the recording apparatus which 
15 ejects at least three types of ink flroplet sizes. . 

Although the: ratio bet:ween one smaller ink . 
droplet and one larger ink droplet is set to 1:2 in the 
recording density in the embodiment/ needless to say, 
the recording density can be set in. each recording 
20 apparatus. 

(Second Embodiment) 

While the .first embodiment has the configuration 
. in. which th6 size of the ink droplet used for recording 
is; selected, based on the decrease in image quality 
.25 caused by the decrease in conveyance accuracy in the 

front-end and re:ar-end recording areas in the recording 
mediumr .a second embodiment has the configuration in 
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which the size of the ink droplet used for the . ' ' 
recording is selected in order to decrease the 
generation of mist in performing the recording in th^ 
vicinity of the end portion of the recording mediiun. 
5 Fig.; 6 is a schematic diagram, of the inkjet 

recording apparatus to which the second embodiment can 
. . be applied. 

The same component as the recording apparatus in 
the first embodiment is indicated by the same reference 
10 numeral. In Fig. S, the recording apparatus is one in 
which the recording can be /performed so that a margin 
of the recording medium is eliminated^ and the 
. recording apparatus includes an ink absorber 14. 

Fig* 7 shows the recording medium and the 
15 recording area when the recording is performed so. that 
the margin is eliminated. 

The area shown by a chain double-dashed line 
outside the recording medium 13 is the recording area- - 
As shown in Fig. 7, when the recording is performed so 
•20 that the margin of the recording medium is eliminated, 
the recording is performed to the range which is wider 
than the recording medium by the predetermined amount 
- (al' to a4 are referred to as the euaount of extending- 
of£-recording medium) * Usually the amounts of 
25 extending-off -recording medium al to a4 range from 
about 2 mm to about 5 mm. 

The recording. me.ditua 13 is fed to . the , nip formed 
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between the conveying roller 5 and the auxiliary roller 
11 by the paper . feed unit 10, and the recording medium 
13 is conveyed to the position providing a 
predetermined amount of extending-off -recording medium 
- 5 a3 by the conveying roller 5, Under this condition, 

the recording, head 7 is driven to eject the ink droplet 
toward the recording medium 13/ the ink droplets 
ejected to the portions extending off the recording 
. medium 13 reaches onto the ink absorber 14 to be* 
10 absorbed. Then, similarly to the normal recording, the 
recording is performed by repeating the conveying. 
. operation of . the recording medium by the predetermined 
• amount and the recording scan by. the recording head. 
In each recording scan, the. both end portions of the 
1.5 . recording area aire recorded with the widths being wider 
than the recording medium 13 by al ahd a2. Similarly 
to the ink droplets ejected to the portion extending 
off the recording medium 13, the ink droplets ejected 
within the ranges extending, off the both end portions 
20 of the recording medium 13 are absorbed into the ink 
absorber 14 . After the rear end of. the recording 
.medium 13 reaches the -nozzle line of the recording head 
7, the printing is continued to the range of the amount 
of extending-off -recording medium a4. Similarly to the 
25 recording of the front end portion, the ink droplets 
ejected to the portion. extending off the recording 
meditam 13 are. also absorbed into the ink abspfber . 14 
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When the recording operation to the amount of 
; extending-of f-recording medium is finished^ the 

recording medium 13 is discharged outside the printer, 
. and the frameless recording in which the margin of the 
5 recording medium is. eliminated is completed'. 

Even if the error is generated in conveying the 
recording medium or the recording medium is obliquely 
conveyed^ the frameless recording in which the margin 
of the recording medium is eliminated can be securely 
.10 . performed by performing the recording operation to the 
range larger than the recording medium. 

Fig. 8 is a schematic diagram showing the 
recording method in the embodiment. 

The recording area including the recording medium 
15 : 13 is divided into the. areas as shown in. Fig, 8. The 
. reference numeral 305 represents the normal recording 
area of the central portion of the recording medium,. 
The re;eerence numeral 304 represents an inside-paper- 
end recording area which is located in a periphery 
20 ' within the recording medium. The reference numeral 302 
. represents an outside-paper-end recording area in the 
^ricinity of the recording mediijun. The outside-paper- • 
' . end recording area 302 is located outside the recording 
medium, and the outside-paper end portion recording 
25 . area corresponds to the areas of the amounts of 

extending-of f-recording medium bl to b4- When the 
•frameless recording is. performed, the recording 
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operation is also performed to the outside-paper end . 
recording area 302. The reference numeral 303 
represents an outside-paper area, which is located 
outside the outside-paper-end recording area. 302 iahd 
largely extend off thei recprding medium. 

The recording method in performing the f rameless 
recording to the recording medium shown in Fig- 8 will 
be described below: 

When the recording medium is conveyed and the 
recording operation is performed by the recording head, 
if it is decided • that the recording is to be performed 
to an; area outside, the outside-paper-end recording area 
302, that is, the outside-paper area 303, the recording 
head is controlled so as not to perform the recordings. 
When the recording is performed in order to 

.eliminate the margin of the. recording medium, if it is 
decided that the recording is to be performed to an 
area outside the recording medium, that is, the 
outside-paper-end recording area 302 > the recording 
head is controiled so as to perform the recording only 
with the larger ink droplet in order to suppress the 

.generation of the mist. When the recording is 
pSerfoxmed with the smaller ink droplet which is easy to 
evaporate, because the distance between the. nozzle 
surf ace.-of -the. recording head, and the ink absorber is 

. larger than the distance between the nozzle surface and. 
the . recording medium, there is. a fear • that the smaller 
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ink droplet does not reach to the ink absorber but 
. become the mist to diffuse in the recording apparatus. 
Therefore,- the recording is performed only with the . . 
larger ink droplet when the recording is performed in . 
5 . the recording area ( outside -paper-end recording atea 
302)t outside the recording medium. 

When it is decided that the recording is to be 
performed to the inside-paper-end recording area 304 
which is of the periphery of the recording medium^ the 
- - 10 recording is performed by mixing the larger ink droplet 
with the smaller ink droplet . In the embodiment the 
- ratio of between the recording by the larger ink 
droplet and the recording by the smaller ink droplet .is 
gradually changed in accordance with the position . 
.15 within the inside-paper-end recording area 304* This 
allows the image quality to be improved. 

In the normal recording area 305, the recording 
is performed only with the smaller ink. droplet so that 
. the image data can be recorded in high quality. In 
20 performing the recording scan in the noirmal recording 
area 305^ the both end. portions of each recording scan 
also include the inside-paper-end recording area 304^. 
the out side -paper-end recording area 3012^ and. the 
outside-paper area -303, so that the recording head is 
: 25 pontrolled so as to eject the ink drdplet se;t in 
. ' * accordance with each area . In the ins ide-paper-end 
• recording area 304 between the norinal recording area 
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305 where the recording is performed only with the 
smaller ink droplet which is easy to generate the mist 
and the outside-paper-end recording area 302 where th^ 
recording is perfojnaed only with the larger ink droplet 
5 which is difficult to generate the mist, when the dot 
arrangement pattern of the. normal recording area 305 is 
changed to the dot arrangement pattern of the outside- 
paper-end recording area 302, the transition can be . 
performed while the difference in image quality becomes 

10 inconspicuous by performing the recording with the ink* 
droplets having the different sizes. 

As. described above, in the recording apparatus 
which can eject the ink droplets having the different 
sizes, the recording is performed by selecting* the size 

15 pf the ink droplet used for the recording in accordance 
with each area of the. recording area including the 
recording medium, which allows the generation of the 
mist to be decreased in the vicinity of the end- 
portions of the recording medium while the recording 
-20 image is maintained at high quality* The recording is 
performed with the smaller ink droplet in order to. give 
a high priority to the image quality, in\.the normal 
recording area 305, such as the present embodiment, 
which occupies the dominant portion of ' the recordinig- 

25 medium. On the other hand, in the vicinity of the end 
portions of the recording medium in which the . image 
quality is not so important, the recording is performed 
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with the larger ink droplet. while the ratio of the 
recording performed with the smaller ink droplet is 
.decreased, which allows the generation of the ftiist to 
be decreased although the image, quality is slightly 
, 5 decreased. in the vicinity of the end portion? of the 
recording medium. The inside of the recording- 
apparatus can be prevented from becoming soiled by the 
.ink, and the transfer of the soil from the recording 
apparatus to the recording medium can be reduced. 
10 The image data transmitted from the host computer 

. is corrected in each area so that the pptimum recording . 
.operation is performed. Similarly to the first 
. embodiment, the recording data Correction circuit is 
used in the correction method. Fig. 9 shows the re^tios 
15 recorded by the larger ink droplet and the smaller ink 
.."droplet in each area from the. normal recording area 305 
to the outside-paper area 303 in the embodiment. Even 
in the embodiment, the 1D0% recording by the smaller 
- ink droplet is equal to the 50% recording by the larger 
2.0 ink droplet in density.. 

According to the embodiment, when the recording 
. is performed to each area of the recording medium in 
the recording 'apparatus which can eject the ink 
droplets having the different sizes., since the size of 
.25 .the ink droplet used for the recording is selected in 
"■ . accordance with ease- of the generation of. the mist, the 
-high-quality image can be . reporded and. the generation 
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of the mist can be reduced. 

In addition to the above-described image data 
correction, it- is also possible to perform the 
corrections shown in Figs. 10. and 11 • ' . 

5 .In "Figs. 10 and 11> the ratio of .recording using 

the larger, ink droplet is changed in the outside-paper- 
end recording iarea. 302. That is, the appearance 
probability of the larger ink droplet is linearly 
changed so that the appearance probability is. set to 
ID. . 50% at the beginning of- the outside-paper-end recording 
; area 302 and set to .0% at the end. of the outside-paper- 
end recording area 302. .The out side -paper-end 
recording area 302 which is of the area outside the 
recording medium 13 is one which is provided in order 
15, to prevent the generation of the blank area when the. . . 
. printing is not performed due to the error of the size 
' of the paper or the error caused by the conveying 
performance. Even if the larger ink droplet is used, 
sometimes the ejection of the ink droplet generates the 
20 mist in. the outside-paper end portion recording area 
302. Therefore, ^ 50% larger ink droplet is ejected in 
- the vicinity of the recording medium, and- the ejection 
ratio of the ink droplet is gradually decreased as the 
recording head is separated from the recording medium, 
25 . which allows the generation' of the mist to be decreased 
. Since the amount of consumption of the ink droplet in 
the cases shown in Figs.. 10 and "11 is smaller than. that 
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of the case in which the 50% larger ink droplet is 
ejected through the outside-paper-end recording area . 
302^ the aimount of ink necessary for the recording can 
be reduced, . 

In the embodiment, the image data is also 
corrected by using the recording data correction 
-Circuit so that the recording is performed with -the ink 
droplet having the appropriate size in accordance with 
each recording area. However, when the binary 
recording data corresponding to each nozzle of. the. 
recording head is generated based* on the multilevel 
image data transmitted" from the host computer by 
referring to an index table, the recording data can be 
generated without using the recording data correction 
circuit by equipping the recording apparatus with the . 
, index table corresponding to each area. 

Although the embodiment has the configuration in 
which the frameless recording is performed, the 
embodiment can. be also . applied to the recording in 
which the small margin is left in the end portions' of 
the recording medium and the recording in which the 
margin is eliminated only -in the predeterminied end 
portion of the rjscording medium. The recording in the 
vicinity of the end portion of the recording mediiun is 
larger than the recording in the central portion of the 
recording medium in the influence of the mist on the 
recording apparatus.- In the recording in the central 
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portion of the recording medium, the mist generated in 
the predetermined recording scan adheres to the 
recording medium in the next recording scan or the 
subsequent recording scan after diffusing in the 
5- recording apparatus for a while. However, the mist 
generated in the recording of the end portion of : the 

. recording, medium, particularly the rear end portion or 
the right and left end portions adheres to the inside 
of the recording apparatus, because the recording 

10 medium is discharged after the mist diffuses in the 
recording apparatus. Thus, when the ink droplet is 
ejected on the same condition in each recording scan,, 
it is considered that the same amount of mist is 
generated* However, since there is the difference 

15 . between adhesion to the recording medium and the 

adhesion to the. inside of the recording apparatus, the 
inf luerice of the mist generated in recording the 
central portion of the recording medium is larger than 
. that of the mist generated in recording the end portion 

20 Although the embodiment has the configuration in 

which. the generation of the mist is decreased in the . 
.area in. the vicinity of. the end portion of the 
recording medium by changing the appearance probability 
of the dpt. formation in accordance with each area, it 
. 25 is also possible to form the configuration in which • 
recording duty is changed. In the array of the dots 
.formed on the recording medium, the same result as the 
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embodiment can be also obtained by changing the 
recording duty. When the recording duty is gradually 
decreased from the normal recording area to the area in 
the vicinity of the iend' portion of the recording medium 
5 a border emerging by the difference in image quality, in 
each area becomes ambiguous and gradation is improved^ 
(Third Embodiment) ' 

While the exaxdples in which the recording is 
performed only with the smaller ink droplet in the 

10 normal recording areas 205 and 305 were shown in the 
first and second embbdimentsy an example in. which the 
recording . is performed by mixing the smialler ink 
droplet with the larger ink droplet even in the npriaal 
recording area is shown in a third embodiment • 

15 . Fig. 12 is a schematic diagram showing the 

recording method in the third embodiment, and Fig.; 13 
shows the ratios recorded by the larger ink droplet and 
the smaller ink droplet in each area. 

In the third embodiment, the same effect as the 

20 second embodiment can be also obtained. Further, in 
* accordance with the third embodiment > because the 

recording speed .can be improved when compared with the. 
- second embodiment although the quality of the . recording 
image is slightly decreased when compared with the 

25 second embodiment, . it -is possible to provide the . 
recording apparatus having both the improved image 
quality and the higher recording speed. 
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Although the recording method in. which the 
smaller ink droplet is never ejected in the recording 
area outside the recording medium in the fir 3t to third 
embodiments, it is also possible to form the 
'5. configuration in which the area' outside the recording 
.miedium is further -divided and the recording is 
performed with the smaller ink droplet at low ratio in 
the area nearest to the recording medium. This allows 
the image quality to be improved in the vicinity of the 
.10 end portion of the recording medium when the f raraeless 
recording is performed^ 
(Other -Embodiment) 

In the above-described embodiments, when the 
ratio of the recording by the. smaller ink droplet is 
15. decreased; the ratio of the recording by the larger Ink 
droplet i^ iricreased in. order to maintain the density, 
of the recording imag^. . However, in. order to further 
. * ' decrease the mist or to improve the decrease in image 

quality caused by the shift, of the impact position, 
• 20. there is the method of not maintaining, the density of 
the recording image. For example, the recording is 
. per fprmed by using both the larger ink droplet and the 
' ^' . smaller ink droplet in the normal recording area, and, 
• in the area near the end portion of. the recording 
25 .mediiim, it Ls possible that the ratio of. the larger ink 
droplet is equal to the normal recording area and the 
ratio of the smaller ink droplet is decreased. In the 
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area near the end portion of the recording mediiom, it 
is also possible that the recording is" performed only 
with the larger ink droplet, .however, the ratio of the 
. larger ink droplet is equal to the normal recording 
5 area. In these cases, although the density of the 

recording linage is decreased in the viqinity of the end 
portion of the recording medium, the generation of the. 
mist can be further decreased. Further, since the 
ratio of the ejection of the smaller ink droplet is 

10 decreased in the end portion of the recording mediura, 
the decrease in image quality caused by the shift of 
the impact position can be also decreased. 

In adopting process black in which the pixel of 
'\. black is expressed by yellow ink,, magenta ink, and cyan 

15 ink, because each one pixel of the yellow ink, the 
magenta inkr and the cyan ink is ejected .to the one 
pixel black, the amount of ink droplet ejected to one 
pixel is increased, which leads to the increase in 
generation of the mist. Therefore, when the black 

20 ; pixel is expressed by adopting the process black in the 
area near the end portion of the recording medium, it 
is preferable that th^ appearance probability of the. 
black pixel is* set to the value lower than that of the 
appearance probability of Other color '.pixel. In the 
- 25 recording apparatus having the ink such as photoblack. 

. . ink which» can replace the bljack" ink, it is preferable 

that the image is. formed with not the process black but 
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. . the photoblack ink. 

It is possible to perform the recording by 
selecting the recording method from the recording 
nve.thiods of the embodiments of the invention in 
5 accordance With the type of recording medium or a 
recording mode. It is also possible to form the 
configuration in which the user selects the recording 
method from the recording methods of the embodiments of 
. the .invention. 
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